, the broad-headed spiny rat, is a medium-sized semifossorial rodent with spinous pelage, reduced tail, short limbs, and long powerful claws. These characteristics and its very conspicuous tympanic bullae make C. laticeps unique among echimyid rodents. It primarily inhabits the Cerrado domain of central and southwestern Brazil, where it occurs in open grasslands and savannas, and also in the Paraguayan Chaco. Presently, C. laticeps is listed as "Least Concern" by the International Union for Conservation of Nature and Natural Resources, although some populations inhabit localities under strong habitat change due to urbanization and conversion of Cerrado vegetation to pastures.
GENERAL CHARACTERS
Clyomys laticeps (Fig. 1) is a medium-sized, semifossorial echimyid rodent with coarse and spinous pelage, short ears, short limbs, long and powerful claws, and short tail (shorter than one-half the head-body length) sparsely covered with short and unbanded hairs that partially cover the scales (Thomas 1909; Bishop 1974) .
Pelage color varies from grizzled rufous and black to grizzled yellow and black on dorsal and lateral surfaces, and whitish or buffy with or without presence of grayish or pale rufous patches on gular and ventral surfaces (Thomas 1909; Moojen 1952; Bishop 1974; Bezerra 2002) . Variation of pelage coloration may be the result of positive selection for cryptic coloration (Bezerra and Oliveira 2010) .
Head and body length varies between 150 and 295 mm, length of tail from 48 to 93 mm, hindfoot without claws from 26 to 34 mm and with claws from 26 to 39 mm, internal ear from 13 to 24 mm, and weight ranges from 180 to 334 g (Bezerra 2002 ). Craniometric analysis did not reveal significant sexual dimorphism (Bezerra 2002; Bezerra and Oliveira 2010) .
Means and ranges (in parentheses) of cranial measurements (mm) of 44 adult C. laticeps specimens from São Paulo State, Brazil (the largest pooled sample known for this species-Bezerra and Oliveira 2010) were: greatest length of tympanic bulla, 14.99 (13.72-16.31 ); greatest breadth of tympanic bulla, 11.10 (9.61-12.55); condylobasal length, 46.40 (44.34-48.96) ; cranial depth at tympanic bulla, 18.63 (16.90-19.51) ; cranial breadth at external auditory meatus, 24.13 (22.63-26.41 ); cranial breadth immediately posterior to zygomatic arches, 21.27 (20.00-22.09); diastema length, 11.64 (10.94-12.65 dP4-M1, 9.33 (8.43-9.93); nasal length, 14.17 (13.14-15.13); palatal length, 21.89 (20.82-22.87); palatilar length, 18.53 (17.34-19.83); postpalatal length, 25.32 (24.08-26.69); rostral breadth, 7.90 (7.34-8.65); rostral depth, 8.33 (7.70-9.61); rostral length, 16.76 (15.85-19.17) ; length of upper molar row, 10.08 (8.76-10.76); and greatest zygomatic breadth, 27.85 (25.92-29.48 ).
Skull (Fig. 2 ) is broad, with rostrum short and wide. The mesopterygoid fossa occurs in 1 of 3 forms: extending to hypoflexus of M2 (in the majority of the 127 analyzed specimens and in the holotype of C. laticeps), extending more anteriorly to the 48(938)-Clyomys laticeps MAMMALIAN SPECIES 85 level between the hypoflexus and the anterior border of M2 (in 19% of the specimens), and extending to the midlength of M3 (in 6%-Bezerra and Oliveira 2010). This character is polymorphic within populations, except for the samples from Minas Gerais State, which contains only 4 adult specimens, and from Paraguay (a single adult specimen-Bezerra and Oliveira 2010). Anterior projection of premaxillary bone short. Inferior zygomatic root also short, extending laterally at the same level of the palatal surface. Tympanic bullae hypertrophied, highly visible beyond paroccipital process when viewed from behind (Thomas 1916) . Auditory meatus medium-sized, with partial contact between the ectotympanic and squamosal restricted to posterior portion of the dorsal margin of ectotympanic, forming a cleft between these 2 bones. General shape of incisive foramen narrow and elongated (Thomas 1909) , but varying among oval-shaped, elongated, lyriform, amphora-shaped, and lozenge-shaped (Bezerra 2002; Bezerra and Oliveira 2010) . Sphenopalatine foramen, sphenopalatine vacuities, and the canal for the infraorbital nerve within the infraorbital foramen well developed.
DISTRIBUTION
Clyomys laticeps inhabits areas of open vegetation and cerrados (a savanna-like vegetation) of the Cerrado domain of central Brazil and enclaves in São Paulo State (Bishop 1974; Avila-Pires and Wutke 1981) , extending to the Paraguayan Chaco (Moojen 1952 ; Fig. 3 ), and at elevations ranging from 100 to 1,100 m. Its geographic range in Brazil extends from western São Paulo State (Avila-Pires and Wutke 1981; Vieira 1997; Carmignotto 2005) , Minas Gerais State (Thomas 1909; Amante 1975) , western Bahia State (Bezerra 2002; Bezerra and Oliveira 2010) , Federal District and the states of Goiás, Mato Grosso, and Mato Grosso do Sul (Bishop 1974; Avila-Pires and Wutke 1981; Svartman 1989; Bezerra 2002; Rodrigues et al. 2002; Carmignotto 2005; Bezerra and Oliveira 2010) .
FOSSIL RECORD
Clyomys laticeps is known from late Pleistocene deposits (ca. 0.3 to 0.01 million years ago) in Lagoa Santa, Minas Gerais State, Brazil (Lund 1839) . Clyomys fossil remains were also recovered in Ensenadan sediments (early-middle Pleistocene-1.2 to 0.8 million years ago) northeast of Mar del Plata and south of Necochea, costal region of Buenos Aires Province, Argentina (Vucetich et al. 1997) , and in Pleistocene sediments from caves in Serra da Bodoquena, Mato Grosso do Sul State, Brazil (Salles et al. 2006) . A fragment identified as "echimyid aff. Clyomys" was described for the late Miocene (late Huayquerian Age-from 6.02 to 5.3 million years ago) of La Pampa Province, central Argentina (Montalvo et al. 1998) . Clyomys fossil remains from Gerivaldino and Sangão Holocene sites, in the valleys of Taquari and Caí rivers, Rio Grande do Sul State, Brazil, have been described as Clyomys riograndensis by Hadler et al. (2008) .
FORM AND FUNCTION
Clyomys laticeps is a semifossorial rodent living in excavated burrows (Bishop 1974; Bezerra and Oliveira 2010) . Its short extremities (tail and limbs) with long, powerful claws (Bishop 1974) and hypertrophied tympanic bullae (Thomas 1916) suggest special adaptations for fossorial life.
Clyomys has robust incisors and unilateral hypsodont cheekteeth with 3 roots, with the line of occlusal surfaces of the maxillary teeth nearly on a plane parallel to the palate, similar to Euryzygomatomys (Carvalho 1999; Carvalho and Salles 2004) . Upper molar toothrow with teeth of almost equal size, with M1 sometimes larger and M3 smaller or of same size. Upper molariform teeth with 1 internal and 2 external counterfolds, lower molariform teeth with 2 internal and 1 external counterfolds (Bezerra 2002; Bezerra and Oliveira 2010) .
Dental formula for C. laticeps is 1/1 i, 0/0 c, 1/1 p, 3/3 m, total 20. Dental morphology of C. laticeps was described by Carvalho (1999) . Upper molariform teeth show a single, large lingual root and 2 almost inconspicuous labial roots. The surface of both upper and lower premolars and molars is semicircular. M3 of upper toothrow is reduced in size, with dP4 and M1 only slightly smaller than M2; with enamel wear, M1 becomes the largest tooth in tooth row (Fig. 2) . Maxillary cheekteeth show 3 transversal lophs: the anteroloph, metaloph, and posteroloph. Less worn teeth may exhibit a small protoloph restricted to labial margin. The metaloph is oriented posterolabially from the mure, narrowing and closing the metaflexus; mesoflexus becoming more persistent with tooth wear. The hypoflexus is anterolabially oriented. Worn dP4-M2 teeth show 2 round labial fossettes derived from metaflexus and mesoflexus and a round lingual fossette derived from the hypoflexus (Bezerra 2002; Bezerra and Oliveira 2010) . Mandibular molars show 3 distinct transverse lophs: the anterolophid, hypolophid, and posterolophid. Unworn teeth may show another lophid continuous to the lingual end of the anterolophid. The hypolophid is always in contact with the hypodoconid and ectolophid, and posterolingually oriented as the hypoflexid. The mesoflexid and metaflexid open lingually when unworn. The lower M1 may show a round labial fossette derived from the hypoflexid with increasing wear.
Molar topography allowed the identification of 8 relative age classes based on upper molar eruption and enamel wear, all with functional dP4 and M1 (Bezerra 2002; Bezerra and Oliveira 2010) : (1) M3 still absent and M2 in the alveolous; (2) M3 absent and M2 erupting; (3) M3 absent and M2 fully erupted; (4) M3 emerging from alveolus; (5) M3 functional, showing light wear; (6) metaflexus on dP4, M1, M2, or a combination of them reduced to a metafossette; (7) mesoflexus on dP4, M1, M2, or a combination of them reduced to a mesofossette; and (8) hypoflexus reduced to hypofossettes.
Major differences in skull morphology among populations are due to multivariate shape, grouping populations into 2 geographic groups along an east-west geographic axis (Bezerra and Oliveira 2010) . The relatively larger tympanic bullae groups populations from the states of Goiás, Mato Grosso, and Mato Grosso do Sul, Brazil, whereas populations from Distrito Federal and State of São Paulo, Brazil, show relatively larger and more robust skulls and cranial characters like cranial breadth, palatal length, and the length of lower molar row mostly contributing to group differences (Bezerra and Oliveira 2010) . The phallus of C. laticeps (described and illustrated in Bezerra 2002; Bezerra 2013) is subcylindrical, long, and straight. Some specimens show a slight median constriction on the sides or an extension in the region of the intromittent sac. Longitudinal grooves are present on sides of the phallus, with simple, small spines extending to the inside of the intromittent sac uniformly covering the epidermis. The dorsal side of the glans is longer than the ventral side and distally convergent on the apical mount, the lappet of the glans extends slightly from the crater. The baculum is simple, long, and narrow; a lateral view shows that the ventral surface is slightly concave at its proximal end (Fig. 4) .
ONTOGENY AND REPRODUCTION
Births may be seasonal, with usually 1 or 2 young per litter. A pregnant female was captured at Itirapina, São Paulo State, Brazil, at end of the dry period (usually from May to October in this region-Vieira 1997); weaning and growth was completed during wet season (Vieira 1997) . Three pregnant females were captured in Serra do Roncador, Mato Grosso State, Brazil, in June, September (dry season), and December (wet season), all with a single embryo (Bishop 1974) . Juveniles were taken in December (n = 2) and April (n = 1; Bishop 1974). Lacher and Alho 1989; Vieira 1997 Vieira , 2003 Rodrigues et al. 2002; Bezerra and Oliveira 2010) . These records together with lack of records in forested areas (Vieira 2003) suggested that C. laticeps is a habitat specialist of open vegetation areas of central Brazil and the Paraguayan Chaco, in soft soils suitable for burrowing (Bezerra and Oliveira 2010) .
ECOLOGY
Sampling with conventional traps on the soil surface in the Pantanal region indicated that despite being rare in occurrence, this species was locally abundant in this region and relatively easy to capture at transitions between open vegetation and forested areas (Lacher et al. 1986 ), similar results were found in the Cerrado of Itirapina, São Paulo State (Vieira 1997 (Vieira , 2003 . In Necholândia, Mato Grosso do Sul State, Pantanal region, this species was locally abundant in fragments of Cerrado, on sandy soil without rocks and in areas that bordered the campo (Lacher et al. 1986) , and in semidecidous forest with a high abundance of palms Attalea phalerata (Antunes 2009 ). In the same Pantanal region, C. laticeps was among the less abundant small mammal species (Andreazzi et al. 2011) .
Clyomys laticeps colonies occupy gallery systems that might extend to areas of cultivation of corn and manioc (Alho et al. 1987) . João Moojen described the galleries where he captured 2 specimens as follows "The traps that caught both specimens alive were set at the mouth of the most elaborate rodent nest I ever saw. A very regular three-spiral helix wound around a large vertical root. The sloping passageway was 80mm. wide and 90 mm. high and went down 850mm. vertically to the main nest that was 250mm. in diameter. Another nest was midway in the spiral and was only 170 mm. in diameter. The lower nest was covered with scant grassy materials, quite worn and old, the midway nest was clean with a few bits of meaty sweet root (I tasted it) which I was not able to identify." (Nowak 1991 (Nowak :1691 (Nowak -1692 . Populations from Sacramento municipality, in Minas Gerais State (Brazil), may occur in regions of Pinus monoculture where they damage tree plantations by root biting (Amante 1975; Carvalho and Bueno 1975) . Populations from São Paulo State (Brazil) were strongly dependent on palm trees (Attalea geraensis and Syagrus petraea), and are one of the main predators and dispersers of these species, capable of carrying seeds up to 30 m from parent trees (Almeida and Galleti 2007). In the Pantanal of Mato Grosso do Sul State, this species was associated positively with the abundance of acuri palms (Attalea phalerata-Antunes 2009). In São Paulo State, monocot plants were the main food category in the feces of C. laticeps (Vieira 2003) . Individuals also move through burrows excavated by armadillos (Dasypodidae), which can facilitate underground locomotion (Bueno et al. 2004 ). In Emas National Park (Goiás State, Brazil), C. laticeps was recorded, or collected, only in soils of intermediate composition between sand and clay (Bezerra and Oliveira 2010) .
In Itirapina (São Paulo State, Brazil), C. laticeps was the most frequently consumed rodent species by the maned wolf, Chrysocyon brachyurus (Bueno et al. 2002; Bueno and MottaJunior 2006) , and it was also found in the pellets of Striped Owl, Asio clamator . One individual was found in the gut contents of an eastern rainbow boa, Epicrates crassus (Pizzatto et al. 2009 ).
In Itirapina (São Paulo State, Brazil), C. laticeps was the rodent species with higher residence rates in a trapping session when compared with the previous trapping session (Vieira 1997) . In Emas National Park (Goiás State, Brazil), it was the 2nd most frequent species, recorded in 4 of 10 sampled areas and encompassing 3.9% of total captured specimens (Becker et al. 2007) . In a previous independent study in the same park, a single C. laticeps individual was recaptured 3 and 6 months after its initial capture (Bezerra and Oliveira 2010) . Activity patterns of C. laticeps are unknown.
This species can be naturally infected by the protozoa (Kinetoplastida) Trypanosoma cruzi (Herrera et al. 2004; Rademaker et al. 2009 ) and T. evansi (Rademaker et al. 2009) , and the tick Amblyomma parvum (Cançado 2008) .
GENETICS
To date, 4 different karyotypes have been described for the genus Clyomys: (1) diploid number (2n) = 34, fundamental number (FN) = 60 (28 biarmed and 4 acrocentric autosomes) from Itapetininga, type locality of C. bishopi, São Paulo State (Yonenaga 1975; Souza and Yonenaga-Yassuda 1984) ; (2) 2n = 34, FN = 58 (26 biarmed and 6 acrocentric autosomes) from Itapetininga, São Paulo State (Pagnozzi et al. 2000) , and from Corumbá, Mato Grosso do Sul State, Brazil (C. R. Bonvicino, in litt.); (3) 2n = 34, FN = 62 (28 metacentric-submetacentric, 2 subtelocentric, and 2 acrocentric autosomes) from the Distrito Federal, Brazil (Svartman 1989) ; (4) 2n = 32, FN = 54 (22 metacentric, 2 submetacentric, and 6 acrocentric autosomes) from the Parque Nacional das Emas, Goiás State, Brazil (Pagnozzi et al. 2000; Bezerra et al. 2012) . The distinction between 2n = 34 karyotypes from São Paulo (with FN = 60) and Distrito Federal (FN = 62) could be the result of a rearrangement such as a pericentric inversion on 1 pair of chromosomes (Bezerra et al. 2012 ). Events such as additions or deletions of heterochromatin and pericentric inversions associated with centric fission-fusion events (Robertsonian rearrangements) may have occurred in the evolutionary differentiation of this karyotypes with the 2n = 32 and the 2n = 34 (Bezerra et al. 2012) . It is unknown if these karyotypic differences are polymorphic or indicative of species boundaries.
Microsatellite loci have been isolated and characterized from specimens of São Paulo State. An average of 10 alleles per locus (range of 5 to 17 alleles, with an average of 10) and observed heterozygosity ranging from 0.615 to 0.875 were reported (Arantes et al. 2012 ). All loci but 1 (Cbi 15) were in Hardy-Weinberg equilibrium and no linkage disequilibrium was detected (Arantes et al. 2012) .
With respect to the phylogenetic relationship of C. laticeps within the Echimyidae, molecular data (based on cytochrome b, 12S rRNA, and 16S rRNA) indicated that this species was closely related to Euryzygomatomys (Leite and Patton 2002) , a finding confirmed by analysis of the nuclear gene vWF (von Willebrand factor) by Galewski et al. (2005) Fabre et al. (2013) . A close association with Euryzygomatomys and Carterodon was inferred based on craniodental characters (Carvalho and Salles 2004) .
CONSERVATION
Currently, Clyomys laticeps is not listed as a threatened species in national (Brazilian or Paraguayan) red lists. It is classified as "Least Concern" on the International Union for Conservation of Nature and Natural Resources Red List of Threatened Species (International Union for Conservation of Nature and Natural Resources 2016) due its wide distribution, presumably large populations, occurrence in several protected areas, tolerance to low levels of habitat modification, and low probability of declining at rates required for its inclusion in the threatened category (Vieira and Marinho-Filho 2008) . The official Paraguayan list of threatened species in Paraguay (SEAM 2014) classified C. laticeps in a higher threat category, "Species in Extinction Risk." The Brazilian official threatened species list (Diário Oficial da União 2014) not includes C. laticeps as threatened or vulnerable.
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